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Please see Additional file [1](#MOESM1){ref-type="media"} for translations of the abstract into the six official working languages of the United Nations.

Background {#Sec2}
==========

China has made a remarkable progress towards elimination of malaria, with six decades' efforts including governmental leadership, policy formulation, strategies tailored to local settings, capacity building and intersectoral cooperation which have played an important role in the national malaria control and elimination programme. Especially, China's 1--3-7 model is one of the most important refined experiences from many years work and a key innovation measure which has hugely contributed to successful national malaria control programme in China \[[@CR1]\]. From tens of millions of cases in the 1950s, China has recorded zero cases of locally acquired infection in 2017 \[[@CR2]\]. Meanwhile, inadequate progress has been made in most of sub-Saharan Africa where malaria remains one of the major health problems. According to the World Malaria Report (WMP) 2017, 216 million cases of malaria and 445 000 deaths which were reported globally, 90% occurred in sub-Sahara Africa \[[@CR3]\]. To eliminate malaria in Africa, more efforts and novel approaches are called for. It is presumed that Chinese model and strategies on surveillance response systems could be adopted to control malaria in the epidemic countries of Africa.

Tanzania is one of countries of sub-Saharan Africa which is located in the central eastern part of Africa. Tanzania\'s health system is a central-district government structure. The ministry of Health, Community Development, Gender, Elderly and Children (MoHCDEC) is responsible for policy making and guideline development to facilitate policy enforcement. The Council Health Management Team (CHMT) is responsible for delivering health services through health structures including dispensaries, health centers and hospitals. A dispensary serves a population of 6000--10 000 people, a health center 50 000--80 000 and a district hospital 250 000. The regional referral hospital serves as a referral center to 4--8 district hospitals and the four zonal referral hospitals serve several regional referral hospitals \[[@CR4], [@CR5]\].

In Tanzania as it is the case with the rest of sub-Saharan Africa, malaria is a major cause of morbidity and mortality especially among children less than five years and pregnant women \[[@CR6]\]. Malaria situations are very diverse as a result of local heterogeneities in the determinants of malaria transmission dynamics and the great variety of their local combinations. Both global and local reports demonstrated an over 50% reduction in predicted mean population-adjusted parasite prevalence among children aged 2--10 years (PA*Pf*PR~2--10~) across Tanzania between 2000 and 2012 \[[@CR7]\]. The proportion of Tanzania's population in intense transmission areas (PA*Pf*PR~2--10~ ≥ 50%) has declined from 11.6% to 2.3% by 2012 \[[@CR7], [@CR8]\]. However, the dramatic decline in malaria transmission intensity has not been witnessed uniformly everywhere; there are areas that have been experiencing a much slower epidemiological transition mostly located in the southern and north-western regions of Tanzania \[[@CR9]\].

Elimination of malaria remains a long-term goal and mission in Tanzania. The mission envision all Tanzania have access to quality, effective, safe and affordable malaria interventions through timely, sustainable collaborative efforts among partners and stakeholders at all levels. Tanzania's malaria control strategic plan 2014--2020 targeted a national average reduction of malaria prevalence from 10% in 2014 to 5% in 2016 and further to less than 1% in 2020 \[[@CR7]\]. However, there are many challenges on reaching and sustaining the universal coverage policy by effective curative and preventive services. Like other resource limited countries of Africa, the heath system in Tanzania are still weak. Effective treatment is undermined by the capacity of the health system to deliver appropriate care. Stock-out reports of essential medical products for malaria and other diseases are prominent. Previous studies have reported healthcare workers\' distrust on malaria test results especially when the results are negative. Correct dosing of recommended antimalarial is reported to be sub-optimal in some cases \[[@CR10]--[@CR12]\]. Most malaria cases are clinically diagnosed and treated without confirmation by either rapid diagnostic test (RDT) or microscopy, due to factors that health informarion and disease surveillance and response systems are still poor. All these systems deficiencies are not only affecting the quality of malaria case management, but also hindering the progress in malaria control, especially in achieving the proposed "Test, Treat, Track" (WHO-T3) Initiative \[[@CR13]\]. On the other hand, ensuring the proper diagnosis, treatment and monitoring of malaria cannot be easily done by the coutry's own systems and resources.

Leveraging on existing partnerships between Tanzania and China, this project explored the applicability and effectiveness of Chinese models and strategies, combined with local resources and WHO-T3 Initiative as a community-based approach, collaboratively established and implemented in Tanzania. The goal of the project was to explore an appropriate model and mechanism on how Chinese models and strategies could be used effectively to reduce the disease burden of malaria based on the existing local system, which could then be scaled up and applied in other similar settings of Africa. This paper describes the methodology.

Methods {#Sec3}
=======

Study areas {#Sec4}
-----------

Rufiji is one of the 6 districts of the Pwani Region of Tanzania, extending from 7.470 to 8.030 south latitude and 38.620 to 39.170 east longitude, located in 178 km south of Dar-es-Salaam including six divisions with 19 wards divided into 94 registered villages with 385 hamlets. Rufiji District has an overall mean altitude of less than 500 m from sea level. Its naturally occurring vegetation is mainly formed of tropical forests and grassland. The climate in the district is hot throughout the year and there are two rainy seasons, namely, short rains (October to December) and long rains (February to May). The average annual precipitation in the district is between 800 to 1000 mm. A prominent feature in the district is the Rufiji River with its large flood plain and the delta area, which is the most extensive in the country. The public health system comprises a network of about 70 dispensaries, five health centers, and two hospitals offering a varying quality of care (see Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Map of malaria prevalence in the study areas

Study design {#Sec5}
------------

This project aims to improve the malaria cases diagnosis, reporting, treatment and tracking through adapting the China's 1--3-7 model. In the pilot areas, the following interventions has been take: (i) enhancing case detecting capability by increasing parasitological examination rate of all suspected malaria cases at community and health facility level; (ii) improving case management capacity by training local health workers and mobilizing communities; (iii) establishing a surveillance network for malaria parasite and vectors by an electronic reporting system, to strengthen information sharing and guiding the interventions; assessing the efficacy and cost-effectiveness of the WHO-T3 initiative through multi-factor analysis on the paired data obtained, and a final evaluation by external expert team. A prospective, baseline-endline study design was used to assess the impact of the the community-based integrated strategy in the pilot areas. This was an intervention study or operational research in two separate representative pilot communities receiving the proposed interventions and two comparable communities serving as control sites.

The study ran for three years, from April 2015 to June 2018, capturing the inter-annual and seasonal variations in transmission intensity and cumulative effects on vector populations and disease burden. All households in the clusters were recruited into the study upon written informed consent from the household head to enable all residents in the study communities to benefit from this intervention. Study staff screened clinical malaria in the communities of the pilot areas for malaria parasites by using malaria AgPf/Pan RDT as per Tanzania guidelines \[[@CR7]\]. All participants were advised to seek treatment at a dedicated health facility for any febrile illness between scheduled visits and treatment at the dedicated study health facility and community-level mobile test stations followed the national guidelines for malaria treatment. Any participant in the home diagnosed with malaria or anaemia during screening was treated accordingly.

Selection of participants {#Sec6}
-------------------------

All people living in the selected household were included in the survey, excluding children under six months. Systematic screening of all the inhabitants of each selected household who were present at the time of the survey and consent to participate, was carried out to determine their malaria infection status.

Sample size and power calculation {#Sec7}
---------------------------------

Sample size was estimated on a baseline malaria incidence rate of 0.12 cases/person/year from health facility\'s data. Assuming the intervention package would have an impact of 30% against malaria incidence, it was estimated to observe this effect at 5% significant level, with 80% certainty and to adjust for spatial-temporal heterogeneity in transmission, at least 18 clusters of 100 participants were required from the intervention areas.

Data collection {#Sec8}
---------------

Data were collected and recorded according to Social Insurance Number code and Holder Identification Number. Demographic data (age, place of birth, and geographic status), household census data, travel habits, past medical history, drug allergies and drug history, vital signs, symptoms, physical exam and lab results of study subjects (malaria infection) were collected during enrolment. All of adverse event (AE) and serious adverse events (SAE) experienced by study subjects, whether or not related to the intervention, were captured in AE and SAE form.

Data capture {#Sec9}
------------

Standardized data forms or tablets were used to collect data with paper back up available in case of tablet failure. The principal investigator (PI) was responsible for the accuracy of all data entered on the forms. Any changes made on the forms were presented to the study sponsor PI and the Institutional Review Board (IRB). Training sessions were conducted with study personnel to instruct on proper input of data to ensure data integrity in line with Good Clinical Practice. In addition, the project leader conducted regular spot checks to ensure validity.

Data storage {#Sec10}
------------

Research records for all study subjects including history and physical findings, laboratory data, and results of consultations were maintained in a secure facility where they stored for 10 years or until notified by grantee as per Tanzania ethical guidelines. The grantee was notified in writing and acknowledgment prior to destruction or relocation of research records. All raw and cleaned data forms were archived in the project office at Ikwiriri Rufiji in a dedicated filing cabinet and all data files were retained on the Ifakara Health Institute (IHI) central data server in accordance with IHI guidelines.

Data validation {#Sec11}
---------------

All paper data was converted to digital form by double-entry method to facilitate cross-referencing and validation. Entries were compared and the discrepancies found between the two databases were resolved by checking source documents. The electronic entered data, such as tablets, were entered only once. Data were checked for quality before incorporation into central database. This included standardizing dates and time, pieces of Boolean data, and used reference tables where applicable. Verified and original raw data were uploaded to the file repository to provide a documented history of data.

Data analysis {#Sec12}
-------------

This study was sequential in approach and founded on event-driven analyses following a predefined analysis plan conducted by independent statisticians. Interim analyses were divided into "formal" and "informal" analyses. Formal analyses used for rigorous rejection boundaries for the primary endpoint (first time infection), while all other interim analysis were considered as informal one and no hypothesis testing was performed. Descriptive statistics, including mean, SD, median and range, and interquartile were provided for continuous endpoints, and frequency and percentage were provided for categorical endpoints.

Discussion {#Sec13}
==========

This is the first time that China launch a collaborative pilot project on malaria control in Africa, in order to test the feasibility of applying Chinese experiences there in the form of China-Africa health collaboration. The biggest challenge of the project is to understand how to conduct control activities in local health system and integrate this pilot project with the local resources. The experiences and lessons learnt from this pilot project will facilitate a local-tailored model of China aid, which could be scaled up to other Tanzania regions or other African countries.

China had improved its people\'s health with limited financial and human resources during the past 60 years since the founding of the People's Republic of China in 1949. These achievements were due to the development and implementation of appropriate health policies emphasizing primary healthcare, infectious disease control and strengthening grass-root healthcare networks, as well as the development and implementation of other astute public policies, such as education, nutrition, water and sanitation as well as poverty reduction. While China's health development has been promoted significantly, global health challenges have also been evolving rapidly. Recently, Chinese government agencies and international philanthropic organizations/communities have recognized that the best practices and lessons learnt from China's health development over the past six decades could be relevant and very useful in supporting the achievement of health-related Millennium Development Goals and post-2015 Sustainable Development Goals in the low and middle income countries. Against this background, Ministry of Commerce of the People's Republic of China, in collaboration with Department for International Development (DFID) of United Kingdom Government, has launched "Global Health Support Programme (GHSP)", which is a China-UK partnership contributing to improved global health policy and outcomes. This pilot programme aimed at promoting China's experiences, and exploring the new mode of tripartite cooperation through conducting malaria control pilot project in Tanzania, financially supported by DFID.

China-Africa health cooperation is an important part between African countries and China with a symbol of China-Africa Cooperation Forum established in 2000. Till now, China-Africa cooperation has reached unprecedented depth and breadth in health field. In August 2013, the Ministerial Forum of the China-Africa Health Development was held in Beijing, and the forum issued the "Beijing Declaration of the Ministerial Forum of China-Africa Health Development"(hereinafter referred to as the "Beijing Declaration"). According to the "Beijing Declaration", African countries decided to take a series of measures to promote the development to deepen China-Africa cooperation in health, specifically including joint development of health human resources, and promote China-Africa cooperation in vocational and technical training; support African national health policies and programs; support African medicine business cooperation, encourage technology transfer and strengthen global health coordination and cooperation, including support China-Africa collaborative projects on disease control including malaria, schistosomiasis and HIV/AIDS \[[@CR14]\].

China has accumulated lessons from the national malaria control programmes in the past six decades. Currently, Africa is expanding its scope and scale of international health cooperation, so that China is ready to share the experiences gained in malaria control and elimination stages, and expect African countries like Tanzania to be able to effectively reduce the burden of malaria disease with local health systems. The future of malaria control and elimination in mainland Tanzania will depend on a carefully defined set of evidence-based objectives, based on past experiences, present and future predictions of epidemiological conditions to target the future populations for intervention packages. The performance of this proposed project was optimized through establishing an integrated surveillance system linking three layers of information, such as incidence, epidemiological and entomological data. In addition, the project was expected to optimize the health information system through integrating the collection, collation and reporting of individual level information, which was the key to identifying and carefully targeting areas with much higher risks. This addressed gaps has been highlighted in the current strategic plan issued by the National Malaria Control Programme (NMCP) of Tanzania on strenthening collaboration with its partners, developed in 2013 to cover the period 2014--2020 \[[@CR15]\].

In combination with the potential resources under local situation as well as the malaria epidemic status in the pilot sites in Tanzania, this project is expected to improve the surveillance systems and reduce the malaria disease budern in local settings. For improving the malaria surveillance systems, it will improve the malaria cases diagnosis, reporting, treatment and tracking using the China's 1--3-7 model with slight modification to fit within the local existing system. For effectively reducing local malaria disease burden, application of WHO-T3 iniatative integrating with the Chinese experiences on malaria control and elimination will be explored in the pilot areas. These pilot experiences will provide the impetus for developing the successful local-tailored models and experiences on malaria control and elimination in Tanzania while providing the platform for expanding the gained experiences and successful model of aid for Africa. With the demonstrated effectiveness in both areas of moderate and high transmission, it is expected that the the strategies and approaches used in this project could be potential for scaling up to other areas of Tanzania and other African countries, to finally accelerate the malaria control and elimination progress in Africa.

In conclusion, this pilot project will not only explore the feasibility of transferring Chinese experiences on malaria control and elimination into African countries, but also provide a model of China-Africa health cooperation through the pilot project led by the tripartite collaboration mechism, technical supports aiming to reduce the disease burden for local population with cost-effective ways.
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*Research ethics approval.*

Ethical approvals for implementation of this study were granted by Chinese Centre for Disease control Ethics Review Board, IRB of the Ifakara health Institute and the Medical Research Coordination Committee (MRCC) of the National Institute of Medical Research (NIMR) of Tanzania. The investigators reported the projectprogress to NIPD IRB, IHI IRB and NIMR MRCC annually and within three months of study termination or completion.. These reports included the total number of participants enrolled and summaries of each of the key findings.

Before the study began, community sensitization meetings were held by the project team at the district level and at specific ward level where the study was conducted in order to inform the community leaders (*Mwenyekiti and Viongozi*), key informants and District Medical Officer's (DMO's) office staff of the purpose and design of the study. Their permission to use the community as a study site and to inform the community members of the study's objectives and methods were sought. Informed consent was obtained from all community leaders whose villages participated in the study.

All consent were taken in order to protect participants' wellbeing and respect for their autonomy. Informed consent were obtained directly from all adults participating in the study. For subjects \< 18, consents were obtained from parents or guardians. In addition, children assents were obtained for children who were 13--18 years and lived with a parent or guardian. All consent forms were translated into Kiswahili (and verified through back translation into English). The IHI IRB and NIMR also veted ICF to ensure clarity and accuracy. For adults who could not read the form, the informed consent form were read out and explained by the local VHCW and field staff in Kiswahili in the presence of a community witness (*Balozi*). After consenting, participants were asked to mark a thumb impression on the form, and the witness was asked to sign it. It is important to advise potential participants that they can refuse to participate in the follow-up interview. Participants were also advised on the symptoms of malaria and how to obtain appropriate medical care at the nearest health facility or the mobile test stations if they observedany symptom of malaria or other vector-borne disease.

The study involved observance of ethical issue of protecting people's rights, possible inconveniences caused to them and protecting infringement of privacy. The survey teams received training on research ethics and obtaining informed consent using a short course developed at IHI on Good Clinical Practice, and were required to complete the NIH (National Institute of Health) online training course of Introduction to Responsible Conduct of Research (<http://researchethics.od.nih.gov/>). The team included both male and female community health workers, and at the baseline survey sociologists supervised enrolment of participants to ensure that no infringement on human rights occured during the survey.

*Dissemination of research results.*

Data were prepared for a report in English for dissemination to the National Malaria Control Program and District Medical Officer. A short report of the findings in Kiswahili was prepared for participants. The results of this study were disseminated to local communities through feedback meetings. To scientific community the information will be disseminated through peer-reviewed journals and international conference forums. Yearly progress reports were prepared and distributed to key stakeholders including NIPD and members of the project management the District Medical Officer, Ifakara Health Institute and the National Institute of Medical Research.
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